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FIG. 2C
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FIG. 2E
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riG. 5

SIART 210
IDENTIFY AND STORE £90
RESOURCES RESIDENT AT A NODE
SORT RESOURCES £30)
ACCORDING TO HIERARCHICAL LEVEL

RECURSIVELY ASSOCIATE AND DISPLAY

RESOURCES BY HIERARCHICAL LEVEL [ %

STORE RESOURCE RELATIONSHIPS

AS PROVISIONED ATTRIBUTES 90

APPLY ENGINEERING RULES TO
ATTRIBUTES TO DETERMINE AND 060
DISPLAY REMAINING CAPACITY

(_END_ )=~ 570
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SYSTEM AND METHOD FOR GENERATING
A VISUAL REPRESENTATION OF A

WAVELENGTH DIVISION MULTIPLEXING
OPTICAL NETWORK AND NODES THEREOF

TECHNICAL FIELD OF THE INVENTION

The mvention 1s directed, 1n general, to network manage-
ment and, more specifically, to a system and method for
generating a visual representation of a wavelength division
multiplexing (WDM) optical network and nodes thereof.

BACKGROUND OF THE INVENTION

Optical networks form the backbone of today’s telecom-
munication and data network infrastructure. Optical net-
works are formed by interconnecting nodes (referred to
herein as network elements, or NE) with optical fiber seg-
ments. Coherent (laser) light transmits mnformation among,
the nodes and along the segments. The first optical networks
used a single wavelength of light to convey information
among 1ts nodes. More modern optical networks employ
wavelength division multiplexing (WDM), 1n which multiple
wavelengths of light form separate channels through the
fibers, allowing the same optical fibers to support signifi-
cantly greater data rates. Dense WDM, or DWDM, packs the
multiple wavelengths less than 100 GHz apart and as a result
provides data rates that exceed those of WDM (now called
coarse WDM, or CWDM).

Resources are located at the nodes (NEs) or along the
segments of an optical network. These resources process the
light 1n various ways. Resources are defined as provisionable
entities (e.g., equipment, ports, facilities, crossconnects and
protection groups). Resources include, for example, passive
clements such as optical multiplexers/demultiplexers (called
“OMDs” or, more colloqually, “muxes™) that combine or
separate different wavelengths of light, and active elements,
such as amplifiers that amplify optical signals, transponders
that convert light from one wavelength to another and are
typically used to add specific wavelengths to or drop specific
wavelengths from a segment of the optical network, time-
domain multiplexers/demultiplexers that combine or separate
optical signals based on time, transmitters that convert elec-
trical signals to optical form and recervers that convert optical
signals back into electrical signals.

From a physical perspective, resources located at a node
take the form of cards that are mounted in slots of chasses
called shelves and sub-cards that may be mounted 1n portions
of the cards called drawers. The shelves themselves may be
divided into sub-shelves. The shelves are mounted on vertical
racks. Depending upon its complexity, a node often has more
than one shelf and, indeed, may have more than one rack.

The shelves have backplane connectors that provide power
and various electrical signals to the back edges of the cards or
sub-cards. Optical connections to the cards or sub-cards,
called ports, are provided on the front edges thereol to receive
optical fibers. Some cards or sub-cards have only one port;
others have many, depending on the function performed. As a
result, a typical rack may have hundreds of optical fibers
protruding from and running along 1ts front. Depending upon
the fastidiousness of the person who nstalled the node, the
fibers may be bundled neatly together with ties or resemble
spaghetti.

Optical networks must adapt to changing needs. For
example, 1t may become necessary to add a new wavelength
one node to another or to reroute an existing wavelength. A
visual representation, or visualization, of the optical network
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2

1s important to understand how the network 1s currently con-
figured, how the change may best be made, and particularly

whether or not the change will require any resource(s) to be
relocated or purchased. A visual representation 1s a picture
that places the resources of the various nodes of an optical
network 1nto a logical and understandable form such that 1t
may be understood and managed more effectively.

A person creates a visual representation first by drawing
schematic symbols representing the resource, grouped by
node. Then a person standing in front of each rack of the
optical network determines how the resources are intercon-
nected by tracing the optical fibers at each node from one
resource to another. These interconnections are then retlected
in the visual representation. Finally, a person having intimate
knowledge of the capabilities and constraints of each resource
(embodied in what are called “engineering rules”) determines
how best to make the change and what additional resource(s)
may be needed to effect the change.

Creating a visual representation of even a modest optical
network requires sigmificant time and effort and, due to the
amount of information required to be synthesized, may be
incomplete and contain errors. Creating a visual representa-
tion of a complex network proves to be a formidable task.
Updating visual representations as changes are made further
complicates the process and presents recurring opportunities
for errors to arise. Nonetheless, since visual representations
are so useful, they continue to be created and routinely
updated to support optical network management and growth.

SUMMARY OF THE INVENTION

To address the above-discussed deficiencies ol the prior art,
one aspect of the mvention provides a system for generating
a visual representation of a WDM optical network and nodes
thereol. In one embodiment, the system includes: (1) a con-
nectivity, pass-through and error identifier configured to 1den-
tify connectivity and any pass-throughs and termination
errors with respect to at least some nodes of the WDM optical
network and (2) a connectivity, pass-through and error dis-
player coupled to the connectivity, pass-through and error
identifier and configured to generate the visual representation
that indicates the connectivity and the any pass-throughs and
termination errors.

In another aspect, the invention provides a computer-
implemented method of generating a visual representation of
a WDM optical network. In one embodiment, the method
includes: (1) identifying connectivity and any pass-throughs
and termination errors with respect to at least some nodes of
the WDM optical network and (2) generating the visual rep-
resentation that indicates the connectivity and the any pass-
throughs and termination errors.

In yet another aspect, the mvention provides a system for
generating a visual representation of anode 1na WDM optical
network. In one embodiment, the system includes: (1) a
resource analyzer and engineering rule applier configured to
identily resources resident at the node, store information
regarding the resources in a database, sort the resources
according to hierarchical level, recursively associate the
resources by hierarchical level, store the resource relation-
ships that result from the recursive association as attributes 1n
the database and apply engineering rules to the attributes and
(2) a visual representation displayer coupled to the resource
analyzer and engineering rule applier and configured to
extract information from the database to generate the visual
representation of the node.

In still another aspect, the invention provides a method of
generating a visual representation of anode 1na WDM optical
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network. In one embodiment, the method includes: (1) 1den-
tifying resources resident at the node, (2) storing information
regarding the resources in a database, (3) sorting the
resources according to hierarchical level, (4) recursively
associating the resources by hierarchical level, (5) storing the
resource relationships that result from the recursively associ-
ating as attributes 1n the database and (6) applying engineer-
ing rules to the attributes.

The foregoing has outlined certain aspects and embodi-
ments of the invention so that those skilled 1n the pertinent art
may better understand the detailed description of the mnven-
tion that follows. Additional aspects and embodiments will be
described hereinafter that form the subject of the claims of the
invention. Those skilled in the pertinent art should appreciate
that they can readily use the disclosed aspects and embodi-
ments as a basis for designing or moditying other structures
for carrying out the same purposes of the mvention. Those
skilled in the pertinent art should also realize that such equiva-
lent constructions do not depart from the scope of the mven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the mvention, ref-
erence 1s now made to the following descriptions taken 1n
conjunction with the accompanying drawings, in which:

FI1G. 1 illustrates a block diagram of one embodiment of a
system for generating a visual representation of a WDM
optical network constructed according to the principles of the
imnvention;

FIG. 2A 1llustrates a flow diagram of one embodiment of a
computer-implemented method of generating a visual repre-
sentation of a WDM optical network carried out according to
the principles of the invention;

FIGS. 2B-2FE illustrate more detailed flow diagrams of first,
second, third and fourth steps of the method of FIG. 2A;

FIGS. 3A-3F together illustrate one embodiment of a
visual representation of a WDM optical network as 1t 1s being,
generated according to the method of FIG. 2A;

FI1G. 4 illustrates a flow diagram of one embodiment of a
system for generating a visual representation of a node of a
WDM optical network carried out according to the principles
of the invention;

FIG. 5 1llustrates a flow diagram of one embodiment of a
computer-implemented method of generating a visual repre-
sentation of a node of a WDM optical network carried out
according to the principles of the invention;
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FIGS. 6 A-B respectively illustrate embodiments of equip-
ment and port datasheets generated during a first phase of the
method of FIG. §5; and

FIGS. 7A-C together 1llustrate one embodiment of a visual
representation of a node of a WDM optical network as 1t 1s
being generated according to the method of FIG. 5.

DETAILED DESCRIPTION

FIG. 1 illustrates a block diagram of one embodiment of a
visual representation generating system, generally desig-
nated 170, for generating a visual representation constructed
according to the principles of the invention. The visual rep-
resentation generating system 170 1s configured to generate a
visual representation 180 of a WDM optical network 110
containing at least two nodes (e.g., 111A, 1118, .. ., 111N,
represented in broken-line) and at least one segment (not

referenced, but also represented in broken-line) coupling the
nodes together. Fach of the nodes (e.g., 111A, 1118, . . .,
111N) contains various resources (not referenced, but repre-
sented 1n broken-line). The resources are interconnected 1n a
nontrivial way such that a complete, accurate visual represen-
tation of the WDM optical network 110 would be highly
advantageous. The WDM optical network 110 may be of any
WDM (e.g., CWDM or DWDM) type. However, the WDM
optical network 110 of FIG. 1 1s a ring-configured DWDM
optical network.

Those skilled 1n the pertinent art are familiar with conven-
tional optical network management systems (NMSs) or ele-
ment management systems (EMSs). For purposes of the
present discussion, those two terms will be regarded as syn-
onymous. Those skilled in the pertinent art understand that an
EMS i1ssues command messages to, and receives responsive
information messages from, the resources (equipment, ports,
facilities, crossconnects, protection groups, etc.) of an optical
network to manage it. The messages conform to a standard
protocol which, i the specific environment of FIG. 1, 1s
Transaction Language 1, or simply TL1. The invention 1s not
limited to a particular protocol, however. Accordingly, FI1G. 1
schematically illustrates TL1 messages 120 being communi-
cated between the WDM optical network 110 and an EMS
130. Table 1, below, sets forth sample TL1 messages commu-
nicated between an EMS and resources in which the EMS
sends TL1 RTRV-EQPT (retrieve equipment) command mes-
sages to the resources, and the resources respond with infor-
mation messages regarding themselves.

TABL

L1l

1

Sample TL1 Messages Communicated Between an EMS and
Resources to Retrieve Information Regarding the Resources

2007-07-13 11:03:29,794 : Sending TL1 command (user unknown):
RTRV-EQPT:PSC1696-3:AL1L:H23164;
2007-07-13 11:03:41,457 : Recerved TL1 message:

M H23164 COMPLD

“SHELF-1-1:SHELFTYPE=MASTERSTD:IS”

“BC-1-1-1:::087

“OMD-1-1-3::BOARDTYPE=0OMDX__XSMATE

)=0AC-1-1-

12, FREQ=30,8SPV=NO,[TUFREQ=193000-193100-193200-193300-193500-
193600-193700-193800:18™

“"MCC-1-1-4:BOARDTYPE=MCC2 MATLE

)=0MD-1-1-

3, FREQ=30,SIGTYPE=SONEL,ITUFREQ=193000, AI'TNFCT=18:18"

“MCC-1-1-

5:BOARDTYPE=MCC3,FREQ=35SIGTYPE=SONET,ITUFREQ=193500, AT TNFCT=20:00%-

AU UEQ”™

“TDM-1-1-6::BOARDTYPE=SHORTH MATEID=MCC-1-1-4:18”

“TDM-1-1-6-3::BOARDTYPE=HF1310,SIGTYPE=GE:I8”
“TDM-1-1-6-4::BOARDTYPE=SONET,SIGTYPE=0C3:I8"
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TABLE 1-continued

Sample TL1 Messages Communicated Between an EMS and
Resources to Retrieve Information Regarding the Resources

“TDM-1-1-8::BOARDTYPE=SHORTH MATEID=MCC-1-1-17:18"
“TDM-1-1-8-3::BOARDTYPE=HF1310,SIGTYPE=GE:IS”
“TDM-1-1-8-4::BOARDTYPE=SONET,SIGTYPE=0C3:18"
“"MCC-1-1-10::BOARDTYPE=MCC2 MATEID=0MD-1-4-

3 FREQ—SS SIGTYPE—SONET JTUFREQ=195800, AT TNFCT=15:18"
“"MCC-1-1-11::BOARDTYPE=MCC2 MATEID=0OMD-1-1-

22, FREQ=37,SIGTYPE=SONETITUFREQ=193700 ATTNFCT=0:I8"
“OAC-1-1-

12:BOARDTYPE=0OAC2,SPV=1 ATTNFCT=1,EFOL=14,INSAT' TN=15NBRWVL=10,0PWRIL1=5,

OPWRI2=17AI'TNFCTCOMP=1,0PWRIT=MAN,VOAT=MAN:IS"
“OSMC-1-1-

13:CALNFCT1=24,CALNFCT12=20,CALNFCT3=20,CALNFCT4=32.5,CALNFCT5=17,

CALNFCT6=24.5,CALNFCT7=20,CALNFCT8=20:I8"
“TDM-1-1-14::BOARDTYPE=TDM__SFP:008-AU,UEQ”
“TDM-1-1-14-5:BOARDTYPE=DW DM ,MATEID=0OMD-1-3-

3, FREQ=21,ITUFREQ=192100:005- AU, UEQ”
“"MCC-1-1-17:BOARDTYPE=MCC2 MATEID=0OMD-1-1-

22, FREQ=33 SIGTYPE=SONETITUFREQ=193300, ATTNFCT=4:005-MA”
“"MCC-1-1-18:BOARDTYPE=MCC2 MATEID=0OMD-1-1-

3, FREQ=36,SIGTYPE=SONET,ITUFREQ=193600, A'TNFCT=19:I8"
“"MCC-1-1-19::BOARDTYPE=MCC2 MATEID=0OMD-1-1-

22, FREQ=36,SIGTYPE=SONET,ITUFREQ=193600 AT TNFCT=2:1I8"
“OMD-1-1-22::BOARDTYPE=OMDX__ X5, FREQ=30,8PV=2TTUFREQ=193000-

193100-193200-193300-193500-193600-193700-193800:18”
“SPVM-1-1-23:BOARDTYPE=SPVM2,CLOCK=LCL:IS”
“PSC-1-1-25:::187
“BELAN-1-1-26:::187
“ILAN-1-1-27::187
“OPC-1-1-30:::008-AU, UEQ”
“OPC-1-1-31:::008-AU,UEREQ”
“OPC-1-1-32:::008-AU,UEQ”

“OPC-1-1-33:::008-AU, UEREQ”
“OPC-1-1-34:::008-AU,UEQ”
“HK-1-1-36:::I87

“RAI-1-1-37::I87
“OPC-1-1-42:::187
“PSC-1-1-48:::187
“FAN-1-1-49:::I87
“SHELF-1-2::SHELFTYPE=EXPANSION:IS™
“SC-1-2-1::087
“OMD-1-2-3::BOARDTYPE=OMDX MATEID=0OMD-1-1-

3, FREQ=42 5PV=NO,ITUFREQ=194200-194300-194400-194500-194700-

194R00-194900-195000:18™
“MCC-1-2-5::BOARDTYPE=MCC2 MATEID=0OMD-1-2-

3. FREQ=43,5IGTYPE=SONET,ITUFREQ=194300, AI'TNFCT=17:1I8"
“MCC-1-2-6::BOARDTYPE=MCC2 MATEID=0OMD-1-2-

22, FREQ=45 SIGTYPE=SONE L ITUFREQ=194500, AT TNFCT=20:187
“2XGE-1-2-11:BOARDTYPE=FC:IS”

“2XGE-1-2-1 ﬁ -2 BOARDTYPE=GBELX:008-AU”
“2XGE-1-2-11-6::BOARDTYPE=DWDM,MATEID=0OMD-1-3-

3, FREQ=27,ITUFREQ=192700:18"

“SPVFEF-1-2-13:BOARDTYPE=SPVE_ 2W:005-AU,UEQ”
“TDM-1-2-14::BOARDTYPE=TDM__ SFP:008-AU,UEQ”
“TDM-1-2-14-5::BOARDTYPE=DW DM MATEID=0OMD-1-3-

3, FREQ=22,ITUFREQ=192200:005- AU, UEQ”
“"MVAC-1-2-16::ATTNFCT=10,AI'TNFCT2=20:008-AU"
“2XGE-1-2-17:BOARDTYPE=FC:008-AU,UEQ”
“MCC-1-2-18:BOARDTYPE=MCC3 MATEID=0OMD-1-2-

22,FREQ=44 SIGTYPE=SONET,ITUFREQ=194400, AT TNFCT=3:I8"
“"MCC-1-2-18-1::BOARDTYPE=S161:18"
“"MCC-1-2-19::BOARDTYPE=MCC2 MATEID=0OMD-1-2-

22, FREQ=48 SIGTYPE=SONET,ITUFREQ=194800 AT TNFCT=7:1I8"
“"MCC-1-2-21:BOARDTYPE=MCC2 MATEID=0OMD-1-2-

22, FREQ=50,5IGTYPE=SONET,ITUFREQ=195000, AT TNFCT=4:18"
“OMD-1-2-22:BOARDTYPE=OMDX ,MATEID=0OMD-1-1-

22, FREQ=42 5PV=NO,I[TUFREQ=194200-194300-194400-194500-194700-

194R00-194900-195000:18™
“PSC-1-2-25::087
“ILAN-1-2-27::187
“PSC-1-2-48:::I87
“FAN-1-2-49:::I87
“SHELF-1-3::SHELFTYPE=EXPANSION:IS™
“SC-1-3-1::087
“OMD-1-3-3::BOARDTYPE=0OMDX MATEID=0OMD-1-1-

3. FREQ=20,5PV=NO,ITUFREQ=192000-192100-192200-192300-192500-

192600-192700-192800:18™

“TDM-1-3-4::BOARDTYPE=TDM__SFP:008-AU,UEQ”
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TABLE 1-continued

Sample TL1 Messages Communicated Between an EMS and
Resources to Retrieve Information Regarding the Resources

“TDM-1-3-4-5:BOARDTYPE=5161, MATEID=MCC-1-2-19:005-AU,UEQ”
“MVAC-1-3-9:ATTNEFCT=3, AT TNFCT2=20:005-AU,UEQ”

“WLA-1-3-11::BOARDTYPE=WLA3CD:IS”
“"WLA-1-3-11-1:BOARDTYPE=]16:18"
“"WLA-1-3-11-2:BOARDTYPE=CBRONZE, FREQ=53,ITUFREQ=1530:18"
“CMDX2-1-3-12::BOARDTYPE=CMDX2 / TRANS=NO:005-AU”

“OCC-1-3-21::BOARDTYPE=0CC10__ XFPMATEID=0MD-1-3-

3, FREQ=20,SIGTYPE=SONET,ITUFREQ=192000,AI'TNFCT=16,DTV=2, NCD=0:18"
“OCC-1-3-21-1::BOARDTYPE=56428B:18"
“OMD-1-3-22::BOARDTYPE=OMDX MATEID=0OMD-1-1-

22,FREQ=20,SPV=NO,[TUFREQ=192000-192100-192200-192300-192500-

192600-192700-192800:18™
“PSC-1-3-25:::008-AU”
“ILAN-1-3-27::187
“PSC-1-3-48:::187
“FAN-1-3-49:::I87
“SHELF-1-4::SHELFTYPE=EXPANSION:IS™
“SC-1-4-1::187
“OMD-1-4-3::BOARDTYPE=OMDX MATEID=0OMD-1-2-

3, FREQ=52,SPV=NO,ITUFREQ=195200-195300-195400-195500-195700-

195800-195900-196000:18™
“TDM-1-4-4::BOARDTYPE=INTROLI:008-AUMA,UEQ”
“TDM-1-4-4-3::BOARDTYPE=LEFR50,SIGTY PE=FE:005- AU, UEQ”
“TDM-1-4-4-4::BOARDTYPE=LEF850,5IGTYPE=FE:008-AU,UEQ”
“TDM-1-4-6::BOARDTYPE=INTROL:008-AUMA,UEQ”
“TDM-1-4-60-1::BOARDTYPE=LEFRS0,SIGTY PE=FE:005-AU,UEQ”
“TDM-1-4-6-4::BOARDTYPE=LFR50.SIGTY PE=FE:0058-AU,UEQ”
“TDM-1-4-8::BOARDTYPE=INTROL:008-AUMA,UEQ”
“TDM-1-4-8-1::BOARDTYPE=LEFR50.SIGTY PE=FE:005- AU, UEQ”
“TDM-1-4-8-4::BOARDTYPE=LEFR50,SIGTY PE=FE:005- AU, UEQ”
“MCC-1-4-

20:BOARDTYPE=MCC3,FREQ=58,SIGTYPE=SONEL,ITUFREQ=195800, AT TNFCT=AU,UEQ”
“PSC-1-4-25:::008-AU”
“ILAN-1-4-27::187

“OPC-1
“OPC-1
“OPC-1
“OPC-1
“PSC-1
“FAN-1

-4-48::
-4-49::

-4-28::
-4-31::
-4-32::
-4-33::

:00S8-AUUEQ”
:008-AUURQ”
:008-AUUERQ”
:0O08-AUURQ”
g N
18

2007-07-13 11:04:03,714 : Sending TLL1 command (user unknown):
RTRV-OC48:PSC1696-3:AL1L:H23176;
M H23176 COMPLD

“OC48-1-3-4-1:::008-AU”
“OC48-1-2-14-1:::0068-AU”
“0C48-1-1-14-1:::008-AU”
“OC48-1-4-8-1:::008-AU”
“OC48-1-4-6-1:::005-AU”
“0C48-1-4-4-1:::008-AU”
“OC48-1-1-8-1:::008-AU7
“OC48-1-1-6-1:::187

2007-07-13 11:04:04,653 : Sending TL.1 command (user unknown):
RTRV-OGS:PSC1696-3:AL1L:H23178;
M H23178 COMPLD

“OGS-1-2-11-2::, RATE=2488.320:18”

“OGN8-1-2-11-2-1::, RATE=1250.000:18"
“OGS-1-4-20-2:::008-AU”
“OGN8-1-3-21-1::8SIGTYPE=SONET, RATE—192 O0S-AU”
“OGS-1-3-11-2::, RATE=2488.320:005-A
“OGS-1-3-11-1::, RATE=2488.320:18”
“OGS-1-2-18-1::8SIGTYPE=SONET,RATE=48:008-AU”
“OGS-1-1-5-2::008-AU”
“OGS-1-2-21-1:5IGTYPE=SONET,RATE=48:008-AU”
“OGS-1-2-19-1::5IGTYPE=SONE T, RATE=48:18"
“OG8-1-2-6-1:SIGTYPE=SONET,RATE=3:18"
“OGS-1-2-5-1:SIGTYPE=SONET,RATE=12:18"
“OGS-1-1-19-1:85IGTYPE=SONET,RATE=3:18"
“OGS-1-1-18-1::SIGTYPE=SONET,RATE=3:I8"
“OGS-1-1-17-1::5IGTYPE=SONET,RATE=48:008-AU”
“OGS-1-1-11-1::8SIGTYPE=SONET,RATE=48:I5"
“OGS-1-1-10-1::5IGTYPE=SONE T, RATE=48:18"
“0GS-1-1-4-1:SIGTYPE=SONET,RATE=48:158"
“0GS-1-4-8-4-1::8S1GTYPE=FE,RATE=100.000:00%- AU”
“0GS-1-4-8-1-1::8S1IGTYPE=FE,RATE=100.000:008-AlJ
“OGS-1-4-6-4-1::8S1GTYPE=FE,RATE=100.000:008-AU”
“OGS-1-4-6-1-1::8S1GTYPE=FE,RATE=100.000:0058-AU”
“0GS8-1-4-4-4-1::8S1GTYPE=FE,RATE=100.000:0058-AU”
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TABLE 1-continued

Sample TL1 Messages Communicated Between an EMS and
Resources to Retrieve Information Regarding the Resources

“0GS-1-4-4-3-1::SIGTYPE=FE,RATE=100.000:008-AU”
“OGS-1-1-8-4-1::SIGTYPE=SONET,RATE=3:008-AU”
“0GS-1-1-8-3-1::SIGTYPE=GE.RATE=1250.000:008-AU"”
“0GS-1-1-6-4-1::SIGTYPE=SONET,RATE=3:I8"
“0GS-1-1-6-3-1::SIGTYPE=GE,.RATE=1250.000:008-AU"”
2007-07-13 11:04:07,550 : Sending TLL1 command (user unknown):

RTRV-OTS:PSC1696-3:AL1L:H23180;

M H23180 COMPLD
“OTS-1-1-22-1::SUPPBRD=OMD-1-1-22:I8”
“OTS-1-1-12-1::SUPPBRD=0OAC-1-1-12:18”

2007-07-13 11:04:07,938 : Sending TL1 command (user unknown):

RTRV-OCH:PSC1696-3:AL1L:H23184;

M H23184 COMPLD
“OGSOCH-1-2-17-2-1::,SUPPBRD=2XGE-1-2-17:I8”
“OGSOCH-1-2-17-2-1-1::,SUPPBRD=2XGE-1-2-17:I8”
“OGSOCH-1-2-17-1-1-1::,SUPPBRD=2XGE-1-2-17,RATE=192:I8”
“OGSOCH-1-2-11-2-1::,SUPPBRD=2XGE-1-2-11:IS,ACT”
“OGSOCH-1-2-11-2-1-1::,SUPPBRD=2XGE-1-2-11:I8”
“OGSOCH-1-2-11-1-1-1::,SUPPBRD=2XGE-1-2-11:I8”
“OGSOCH-1-4-20-1-1::ITUFREQ=195800,SUPPBRD=MCC-1-4-20:18"
“OGSOCH-1-3-21-1-1::ITUFREQ=192000,SUPPBRD=0CC-1-3-21:IS,ACT”
“OGSOCH-1-3-11-4-1::,SUPPBRD=WLA-1-3-11:IS”
“OGSOCH-1-3-11-3-1::,SUPPBRD=WLA-1-3-11:18”
“OGSOCH-1-3-11-2-1::,SUPPBRD=WLA-1-3-11:I8”
“OGSOCH-1-3-11-1-1::,SUPPBRD=WLA-1-3-11:18”
“OGSOCH-1-2-18-1-1::ITUFREQ=194400,SUPPBRD=MCC-1-2-18:IS,ACT”
“OGSOCH-1-1-5-1-1::ITUFREQ=193500,SUPPBRD=MCC-1-1-5:18"
“OGSOCH-1-2-21-1-1::ITUFREQ=195000,SUPPBRD=MCC-1-2-21:IS,ACT”
“OGSOCH-1-2-19-1-1::ITUFREQ=194800,SUPPBRD=MCC-1-2-19:IS,ACT”
“OGSOCH-1-2-6-1-1:ITUFREQ=194500,SUPPBRD=MCC-1-2-6:008-

AUACT”
“OGSOCH-1-2-5-1-1::ITUFREQ=194300,SUPPBRD=MCC-1-2-5:1S,ACT”

“OGSOCH-1-1-19-1-1:ITUFREQ=193600,SUPPBRD=MCC-1-1-19:I8”

“OGSOCH-1-1-18-1-1:ITUFREQ=193600,5SUPPBRD=MCC-1-1-18:I5,ACT”

“OGSOCH-1-1-17-1-1:ITUFREQ=193300,SUPPBRD=MCC-1-1-17:I5,ACT™

“OGSOCH-1-1-11-1-1=:ITUFREQ=193700,SUPPBRD=MCC-1-1-
11:IS,STBYH”

“OGSOCH-1-1-10-1-1=ITUFREQ=195800,SUPPBRD=MCC-1-1-10:I§, WRK?”

“OGSOCH-1-1-4-1-1::ITUFREQ=193000,SUPPBRD=MCC-1-1-4:15,ACT”
“OGSOCH-1-4-20-2-1:1TUFREQ=195800,SUPPBRD=MCC-1-4-

20,RATE=2488.320:18"

“OGSOCH-1-1-5-2-1:ITUFREQ=193500,SUPPBRD=MCC-1-1-

5, RATE=2488.320:187

“OTSOCH-1-1-22-1-44::ITUFREQ=194400,5SUPPBRD=0MD-1-2-22&MCC-1-

2-18,RATE=2488.320:008-AUACT”

“OTSOCH-1-1-22-1-28::ITUFREQ=192800,SUPPBRD=0OMD-1-3-22:18"
“OTSOCH-1-1-22-1-27:ITUFREQ=192700,SUPPBRD=0MD-1-3-22:18"
“OTSOCH-1-1-22-1-26::ITUFREQ=192600,SUPPBRD=0OMD-1-3-22:18"
“OTSOCH-1-1-22-1-25:ITUFREQ=192500,SUPPBRD=0MD-1-3-22:18"
“OTSOCH-1-1-22-1-23:ITUFREQ=192300,SUPPBRD=0MD-1-3-22:18"
“OTSOCH-1-1-22-1-22:ITUFREQ=192200,SUPPBRD=0MD-1-3-22:18"
“OTSOCH-1-1-22-1-21:ITUFREQ=192100,SUPPBRD=0MD-1-3-22:18"
“OTSOCH-1-1-22-1-20:ITUFREQ=192000,SUPPBRD=0MD-1-3-22:18"
“OTSOCH-1-1-22-1-50:ITUFREQ=195000,SUPPBRD=0MD-1-2-22&MCC-1-

2-21:008-AUACT”
“OTSOCH-1-1-22-1-49::ITUFREQ=194900,SUPPBRD=0MD-1-2-22:18"
“OTSOCH-1-1-22-1-48::ITUFREQ=194800,SUPPBRD=0OMD-1-2-22&MCC-1-
2-19:I5, ACT”
“OTSOCH-1-1-22-1-47:: ITUFREQ=194700,SUPPBRD=0OMD-1-2-22:18"
“OTSOCH-1-1-22-1-45:ITUFREQ=194500,SUPPBRD=0MD-1-2-22&MCC-1-
2-6:006-AUACT™
“OTSOCH-1-1-22-1-43::ITUFREQ=194300,SUPPBRD=0MD-1-2-22:18"
“OTSOCH-1-1-22-1-42::ITUFREQ=194200,SUPPBRD=0MD-1-2-22:18"
“OTSOCH-1-1-22-1-38:ITUFREQ=193800,SUPPBRD=0MD-1-1-22:18"
“OTSOCH-1-1-22-1-37:ITUFREQ=193700,SUPPBRD=0MD-1-1-22&MCC-1-
1-11:I5, ACT”
“OTSOCH-1-1-22-1-36::ITUFREQ=193600,SUPPBRD=0MD-1-1-22&MCC-1-
1-19:I87
“OTSOCH-1-1-22-1-35:ITUFREQ=193500,SUPPBRD=0MD-1-1-22:18"
“OTSOCH-1-1-22-1-33:ITUFREQ=193300,SUPPBRD=0OMD-1-1-22&MCC-1-
1-17:I5, ACT”
“OTSOCH-1-1-22-1-32:ITUFREQ=193200,SUPPBRD=0MD-1-1-22:18"
“OTSOCH-1-1-22-1-31:ITUFREQ=193100,SUPPBRD=0MD-1-1-22:18"
“OTSOCH-1-1-22-1-30:ITUFREQ=193000,SUPPBRD=0MD-1-1-22:18"
“OTSOCH-1-1-12-1-20::ITUFREQ=192000,SUPPBRD=0MD-1-3-3&0CC-1-
3-21:008-AUACT”

“OTSOCH-1-1-12-1-60::ITUFREQ=196000,SUPPBRD=0MD-1-4-3:18”
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TABLE 1-continued

Sample TL1 Messages Communicated Between an EMS and
Resources to Retrieve Information Regarding the Resources

“OTSOCH-1-1-12-1-59::ITUFREQ=195900,SUPPBRD=0MD-1-4-3:18”
“OTSOCH-1-1-12-1-58:
1-10:I5, ACT”

“OTSOCH-1-1-12-1-57:ITUFREQ=195700,SUPPBRD=0MD-1-4-3:18”
“OTSOCH-1-1-12-1-55:ITUFREQ=195500,SUPPBRD=0MD-1-4-3:18”
“OTSOCH-1-1-12-1-54::ITUFREQ=195400,SUPPBRD=0MD-1-4-3:18”

“OTSOCH-1-1-12-1-53:
“OTSOCH-1-1-12-1-52:
“OTSOCH-1-1-12-1-28:

TTUFREQ=195300,SUPPBRD=0MD-1-4-3:1I8"
TTUFREQ=195200,SUPPBRD=0MD-1-4-3:18"
TTUFREQ=192800,SUPPBRD=0MD-1-3-3:I8"

“OTSOCH-1-1-12-1-27:ITUFREQ=192700,SUPPBRD=0OMD-1-3-3:I8”
“OTSOCH-1-1-12-1-26::ITUFREQ=192600,SUPPBRD=0MD-1-3-3:I8"
“OTSOCH-1-1-12-1-25:ITUFREQ=192500,SUPPBRD=0MD-1-3-3:I8”
“OTSOCH-1-1-12-1-23:ITUFREQ=192300,SUPPBRD=0MD-1-3-3:I8"
“OTSOCH-1-1-12-1-22::ITUFREQ=192200,SUPPBRD=0MD-1-3-3:18”
“OTSOCH-1-1-12-1-21:ITUFREQ=192100,SUPPBRD=0MD-1-3-3:18”
“OTSOCH-1-1-12-1-50:ITUFREQ=195000,SUPPBRD=0MD-1-2-3:I8”
“OTSOCH-1-1-12-1-49::ITUFREQ=194900,SUPPBRD=0MD-1-2-3:18”

“OTSOCH-1-1-12-1-48:

“OTSOCH-1-1-12-1-47:

“OTSOCH-1-1-12-1-45:

“OTSOCH-1-1-12-1-44:

“OTSOCH-1-1-12-1-43:
2-5: 18, ACT”

TTUFREQ=194800,SUPPBRD=0OMD-1-2-3:I8"
TTUFREQ=194700,SUPPBRD=0MD-1-2-3:1I8"
TTUFREQ=194500,SUPPBRD=0OMD-1-2-3:I8"
TTUFREQ=194400,SUPPBRD=0MD-1-2-3:1I8"

“OTSOCH-1-1-12-1-42::ITUFREQ=194200,SUPPBRD=0MD-1-2-3:I8"
“OTSOCH-1-1-12-1-38::ITUFREQ=193800,SUPPBRD=0OMD-1-1-3:I8”
“OTSOCH-1-1-12-1-37::ITUFREQ=193700,SUPPBRD=0MD-1-1-3:I8"
“OTSOCH-1-1-12-1-36::ITUFREQ=193600,SUPPBRD=0OMD-1-1-3&MCC-1-
1-18:I5, ACT”
“OTSOCH-1-1-12-1-35:ITUFREQ=193500,SUPPBRD=0OMD-1-1-3:I8”
“OTSOCH-1-1-12-1-33::ITUFREQ=193300,SUPPBRD=0OMD-1-1-3:I8”
“OTSOCH-1-1-12-1-32::ITUFREQ=193200,SUPPBRD=0OMD-1-1-3:I8”
“OTSOCH-1-1-12-1-31:ITUFREQ=193100,SUPPBRD=0MD-1-1-3:I8”
“OTSOCH-1-1-12-1-30:ITUFREQ=193000,SUPPBRD=0OMD-1-1-3&MCC-1-
1-4:185, ACT™
“OGSOCH-1-4-8-4-1-1::;,SUPPBRD=TDM-1-4-8-4:I8"
“OGSOCH-1-4-8-1-1-1::,SUPPBRD=TDM-1-4-8-1:18"
“OGSOCH-1-4-6-4-1-1::,SUPPBRD=TDM-1-4-6-4:18"
“OGSOCH-1-4-6-1-1-1::,SUPPBRD=TDM-1-4-6-1:18"
“OGSOCH-1-4-4-4-1-1::,SUPPBRD=TDM-1-4-4-4:18"
“OGSOCH-1-4-4-3-1-1::,SUPPBRD=TDM-1-4-4-3:18"
“OGSOCH-1-1-8-4-1-1::,SUPPBRD=TDM-1-1-8-4:18, 85 TBYH”
“OGSOCH-1-1-8-3-1-1::,SUPPBRD=TDM-1-1-8-3:I8, WRK”
“OGSOCH-1-1-6-4-1-1::,SUPPBRD=TDM-1-1-6-4:18, WRK”
“OGSOCH-1-1-6-3-1-1::,SUPPBRD=TDM-1-1-6-3:18,STBYH”
“OC480CH-1-3-4-1-1::,SUPPBRD=1TDM-1-3-4:I8"
“OC480CH-1-2-14-1-1::,SUPPBRD=TDM-1-2-14:18"
“OC480CH-1-1-14-1-1::,SUPPBRD=TDM-1-1-14:1I8"
“OC480CH-1-4-8-1-1::,SUPPBRD=TDM-1-4-&8:I8"
“OC480CH-1-4-6-1 :L::,SUPPBR) =1DM-1-4-6:18"
“0OC480CH-1-4-4-1-1::,SUPPBRD=1TDM-1-4-4:18"
“OC480CH-1-1-8-1-1::,SUPPBRD=TDM-1-1-8:I5, ACT”
“0OC480CH-1-1-6-1-1::,SUPPBRD=1TDM-1-1-6:I5,ACT”

Those skilled 1n the pertinent art also understand that con-
ventional EMSs often use a database (flat or relational) to
store current information regarding the resources in a WDM
optical network. Accordingly, FIG. 1 shows information
being communicated (as represented by a line 140) between
the EMS 130 and an EMS database 150. The information
reflects hierarchical relationships between nodes that have
shelves, shelves that contain cards and may have sub-shelves,
cards that may or may not have drawers containing sub-cards,
cards and sub-cards that contain ports, ports that contain
facilities, and so on. In the environment of FIG. 1, the EMS
database 1350 operates 1n accordance with the well-known
Structured Query Language, or SQL, though this 1s not nec-
essary to the mnvention. The EMS database 150 1tself 1s not
necessary to the invention; the system may collect the infor-
mation directly from the WDM optical network 110, for

example. Given the operation of the EMS 130, the EMS
database 150 1s assumed to contain reasonably current infor-

TTUFREQ=195800,SUPPBRD=0MD-1-4-3&MCC-1-
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mation regarding mput and output signals from each shelf,
sub-shelf, card, sub-card, port and facility in the WDM opti-
cal network 110.

The visual representation generating system 170 of FIG. 1
includes a connectivity, pass-through and error identifier 171
and a connectivity, pass-through and error displayer 172
coupled thereto. One embodiment of the visual representa-
tion generating system 170 of FIG. 1 generates SQL queries
160 of the EMS database 150 to extract information regarding,
cach shell, sub-shelf, card, sub-card, port and facility in the
WDM optical network 110. The information may be copied
to a database (not shown), associated with the visual repre-
sentation generating system 170. This 1s done to make the
information more local with respect to the visual representa-
tion generating system 170 and to reduce the query load on
the EMS database 150. The information need not be copied,

however; the visual representation generating system 170
may continue to interact directly with the EMS database 150.
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The connectivity, pass-through and error identifier 171 1s
configured to 1dentily connectivity, pass-throughs and termi-
nation errors with respect to at least some of the nodes of the
WDM optical network 110. As stated above, the information
contained 1n the TL1 messages reflects hierarchical relation-
ships between nodes that have shelves, shelves that contain
cards and may have sub-shelves, cards that may or may not
have drawers containing sub-cards, cards and sub-cards that
contain ports, ports that contain facilities, and so on. How-
ever, that information 1s highly diffused throughout the TL1
messages and often implicit and sometimes only apparent
given specific knowledge of resource capacities and con-
straints. The connectivity, pass-through and error 1dentifier
171 carries out computer-implemented methods that will be
described 1n detail below to ascertain those hierarchical rela-
tionships and stores them in the local database as well. In the
specific embodiment of FIG. 1, the connectivity, pass-
through and error identifier 171 1s configured to identify
connectivity, pass-throughs and termination errors with
respect to all of the nodes of the WDM optical network 110.

Connectivity 1s the manner in which the resources are
interconnected. In the context of FIG. 1, connectivity reflects
which cards or sub-cards are plugged into which slots of
which shelves, which ports of the cards or sub-cards are
coupled to one another and which {facilities are associated
with which ports.

Pass-throughs occur when one or more wavelengths transit
a node without adding or dropping. In the context of FIG. 1,
pass-throughs are of two types: fiber pass-throughs and band
pass-throughs. Fiber pass-throughs occur with respect to a
single wavelength; band pass-throughs occur with respect to
multiple wavelengths.

Termination errors result from a lack of pass-through or
termination with respect to a particular wavelength. Termi-
nation errors cause an optical circuit to be incomplete and
therefore unusable. A well-functioning WDM optical net-
work should be free of termination errors that would compro-
mise 1ts operation.

The connectivity, pass-through and error identifier 171
may further be configured to identity protected or regenerated
circuits. Protected circuits are deemed important enough to
have two paths through the WDM optical network 110: a
primary path and a backup path 1n case the primary path fails.
The optical signals of regenerated circuits are received 1nto a
node, converted into electrical form and back into optical
form for retransmission. Regeneration amounts to optical
repeating. The retransmission reconstitutes the optical signal,
which 1s particularly useful for long-haul or degraded seg-
ments.

In a manner that will be described below 1n greater detail,
the connectivity, pass-through and error identifier 171 parses
the information concerning the resources to 1dentity connec-
tivity, pass-throughs and termination errors and perhaps pro-
tected and regenerated circuits. Once 1dentified, the connec-
tivity, pass-through and error displayer 172 1s configured to
generate a visual representation 180 that indicates the con-
nectivity and any pass-throughs, termination errors or pro-
tected or regenerated circuits. The visual representation 180
then may be displayed on a screen, printed on paper or con-
veyed 1n any other conventional or later-developed way to a
person or further system. Having now described some
embodiments of the visual representation generating system
170 and its environment, some aspects of 1ts operation will
now be described.

FI1G. 2A 1llustrates a tlow diagram of one embodiment of a
computer-implemented method of generating a visual repre-
sentation of a WDM optical network carried out according to
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the principles of the invention. The flow diagram of FIG. 2A
1s an overview ol one embodiment of the method. FIGS.
2B-2E illustrate tlow diagrams providing more detail regard-
ing certain embodiments of the method.

The method of FIG. 2A begins 1n a start step 210, when it
1s desired to generate a visual representation of a WDM
optical network. In a step 220, nodes of the WDM optical
network are 1dentified and displayed 1n connectivity relation
by wavelength. Ina step 230, any fiber pass-throughs of nodes
by wavelength are identified and displayed. In a step 240, any
band pass-throughs of nodes by wavelength are identified and
displayed. In a step 250, any wavelength termination errors
are 1dentified and displayed. The method ends 1n an end step
260.

FIGS. 2B-2E illustrate more detailed tlow diagrams of first,
second, third and fourth steps of the method of FIG. 2A.
Turning now to FIG. 2B, one embodiment of a method of
identifying and displaying nodes of the WDM optical net-
work 1n connectivity relation by wavelength 1s 1llustrated.
The method begins 1n a start step 221. In a step 222, the nodes
are displayed left-to-right in connection sequence. In a step
223, data from TL1 messages 1s examined to determine
resource relationships. In a step 224, wavelength adds and
drops are 1dentified and displayed based on the examination
of the TL1 messages that was carried out in the step 223. In a
step 225, protected and regenerated wavelengths are 1denti-
fied and displayed. The method ends 1n an end step 226. At
this point, the visual representation displays each node 1n the
WDM optical network 1n connectivity relation to 1ts neigh-
bors. Each node has been analyzed independently, and all of
the wavelengths that the node adds and drops in each direction
in the WDM optical network have been displayed. Next, all of
the wavelengths added and dropped in the WDM optical
network will be correlated to each other to identify fiber and
band pass-throughs and termination errors, if any.

Turning now to FIG. 2C, one embodiment of a method of
identifying and displaying any fiber pass-throughs of nodes
by wavelength 1s 1llustrated. The 1llustrated embodiment of
the method of FI1G. 2C repeats for each wavelength identified
in the method of FIG. 2B. The method begins in a step 231. In
a decisional step 232, it 1s determined whether a particular
wavelength has been added or dropped 1n either direction (of
fiber entering or exiting the node, e.g., east or west). I not, a
decisional step 233 determines whether the particular wave-
length 1s multiplexed 1n both directions. If so, a decisional
step 234 determines whether the particular wavelength 1s
received from one direction (e.g., east). If so, a decisional step
235 determines whether the particular wavelength 1s trans-
mitted to the other direction (e.g., west). I1 so, a fiber pass-
through of the particular wavelength exists and 1s so 1dentified
in a step 236. I, on the other hand, the particular wavelength
1s added or dropped 1n either direction, the particular wave-
length 1s not multiplexed 1n both directions, the particular
wavelength 1s not recerved from one direction, or the particu-
lar wavelength 1s not transmitted to the other direction, a fiber
pass-through of the particular wavelength 1s determined not
to exist 1n a step 237. Once the method of FIG. 2C has been
repeated for each wavelength identified 1n the method of FIG.
2B, the method ends 1n an end step 238.

Turming now to FIG. 2D, one embodiment of a method of
identifying and displaying any band pass-throughs of nodes
by wavelength 1s 1llustrated. The 1llustrated embodiment of
the method of FIG. 2D repeats for each wavelength identified
in the method of FI1G. 2B. The method begins 1n a step 241. In
a decisional step 242, 1t 1s determined whether a particular
wavelength has been added or dropped 1n either direction. IT
not, a decisional step 243 determines whether the particular
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wavelength 1s multiplexed 1n both directions. If not, a deci-
sional step 244 determines whether the particular wavelength
1s recerved from one direction. If so, a decisional step 245
determines whether the particular wavelength 1s transmitted
to the other direction. If so, a band pass-through of the par-
ticular wavelength exists and 1s so 1dentified 1n a step 246. If,
on the other hand, the particular wavelength 1s added or
dropped 1n eitther direction, the particular wavelength 1s mul-
tiplexed in both directions, the particular wavelength 1s not
received Irom one direction, or the particular wavelength 1s
not transmitted to the other direction, a band pass-through of
the particular wavelength 1s determined not to exist 1n a step
247. Once the method of FIG. 2D has been repeated for each
wavelength 1dentified 1n the method of FIG. 2B, the method
ends 1 an end step 248.

Turning now to FIG. 2E, one embodiment of a method of
identifying and displaying one particular type of termination
error of circuits by wavelength 1s illustrated. The 1llustrated
embodiment of the method of FIG. 2E repeats for each wave-
length i1dentified 1n the method of FIG. 2B. The method
begins 1n a step 251. In a decisional step 2352, 1t 1s determined
whether a particular wavelength has been recerved from one
direction (e.g., east). If so, a decisional step 253 determines
whether the particular wavelength 1s demultiplexed 1n the one
direction (e.g., east). If not, a decisional step 254 determines
whether the particular wavelength has been recerved from the
other direction (e.g., west). I so, a decisional step 253 deter-
mines whether the particular wavelength 1s demultiplexed in
the other direction (e.g., west). If so, a termination error of the
particular wavelength 1s determined to existin a step 256. The
absence of demultiplexing of the wavelength recerved from
the one direction (e.g., east) precludes a fiber pass-through.
Thus, only a band pass-through could avoid a termination
error. However, the demultiplexing of the wavelength
received from the other direction (e.g., west) precludes a band
pass-through. If a termination error were not to exist, such
would be determined 1n a step 257. Once the method of FIG.
2E has been repeated for each wavelength i1dentified 1n the
method of FIG. 2B, the method ends 1n an end step 258.

As stated above, the method of FIG. 2E 1s directed to one
particular type of termination error. Other types of termina-
tion errors exist. For example, a second type of termination
error exists 1f a wavelength 1s received from one direction, 1s
demultiplexed and properly terminated in the one direction,
received Irom the other direction and demultiplexed but not
properly terminated 1n the other direction. An example of this
second type of termination error will be identified 1n the
visual representation of FIG. 3B, below. Still further types of
termination errors exist as well as the two described above
and are 1dentified in various embodiments of the method of
FIG. 2A.

Having now described some aspects of the operation of the
visual representation generating system 170, some embodi-
ments of the visual representation it may generate will now be
described. FIGS. 3A-3E together illustrate screen shots of
one embodiment of a visual representation of a WDM optical
network as 1t 1s being generated according to the method of
FIGS. 2A-2E. The WDM optical network 1s managed by an
EMS that has an associated EMS database contaiming data 1n
the form of TL1 messages generated by the WDM optical
network 1n response to queries contained 1n TL1 messages
generated by the EMS.

The visual representation of FIGS. 3A-3E takes the form of
a spreadsheet having columns and rows. Excel®, which 1s
commercially available from the Microsoit Corporation of
Redmond, Wash., 1s a spreadsheet application program that
was chosen to provide the environment within which the
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spreadsheet-based visual representation of FIGS. 3A-3E 1s
formed. Visual Basic, also commercially available from the
Microsoit Corporation, 1s a software language and develop-
ment tool that was chosen to enable the methods of FIGS.
2A-2F to be carried out on the spreadsheet-based visual rep-
resentation of FIGS. 3A-3E. Those skilled in the pertinent art
will understand, however, that the invention may be carried
out using a variety of conventional or later-developed envi-
ronments or tools and thus 1s not limited to Excel or Visual
Basic or, indeed, a spreadsheet visual representation.

Turming now to FIG. 3A, illustrated is a screen shot of the
visual representation after the method of FIG. 2B has been
carried out with respect to the WDM optical network. Fol-
lowing an examination of data from TL1 messages retrieved
from the EMS database, the WDM optical network 1s deter-
mined to be a DWDM optical network named PSC1696. The
WDM optical network has three nodes named according to
their target identifiers (TIDs), a PSC1696-1 node 305, a
PSC1696-2 node 310 and a PSC1696-3 node 315, which are
coupled in a rning configuration and displayed 1n connectivity
relation to 1ts neighbors. The PSC1696-1, PSC1696-2 and
PSC1696-3 nodes 305, 310, 315 are arranged left-to-right 1n
the visual representation as they are connected.

The PSC1696-1, PSC1696-2 and PSC1696-3 nodes 305,
310, 315 have been analyzed independently, and all of the
wavelengths that the PSC1696-1, PSC1696-2 and
PSC1696-3 nodes 3035, 310, 315 add or drop 1n each direction
in the WDM optical network have been displayed. This
entails examining resource relationships to determine what
equipment originates the signal to the point where it 1s
inserted 1n the WDM optical network.

A left-hand legend 320 sets forth four categories for the
status ol each wavelength (or frequency, as those terms
denote reciprocal optical properties): used Irequencies,
unused but demultiplexed 1Irequencies, unused but
unequipped (undemultiplexed) frequencies and unavailable
frequencies. Used frequencies are already used and thus
unavailable to increase the wavelength capacity of the WDM
optical network. Unused but demultiplexed frequencies are
not only available to increase wavelength capacity, they do
not require an OMD to be added; they only require a tran-
sponder to be added. Unused but unequipped frequencies are
available to increase wavelength capacity, but they require
both an OMD and a transponder to be added. Unavailable
frequencies are, for various reasons, not available to increase
wavelength capacity. For example, the WDM optical network
may not be able physically to support them, or they may

produce unacceptable error rates.

A right-hand legend 325 sets forth three categories for the
disposition of each wavelength: add drop, protected and
regenerated. Those skilled in the pertinent art understand
what these terms mean with respect to a particular wave-
length.

A left-most column 330 lists various wavelengths ranging
from 192000 to 196000 and associates these wavelengths
with the PSC1696-1 node 305. Given this and the legends
320, 325, 1t 1s straightforward to use the visual representation
to trace connectivity of each wavelength through the WDM
optical network, including adds and drops and protected and
regenerated circuits. Now the visual representation will be
enhanced by 1dentifying and displaying pass-throughs and
termination errors.

Accordingly, turning now to FIG. 3B, the methods of
FIGS. 2C, 2D and 2E are carried out with respect to the
192000 wavelength traversing the PSC1696-2 node 310. In
carrying out the method of FIG. 2C, a fiber pass-through 335

1s 1dentified. From an examination of TL1 messages, the
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tollowing has been determined: (1) the PSC1696-2 node 310
does not add or drop the 192000 wavelength 1n either the east
or west direction, (2) the PSC1696-2 node 310 does multiplex
and demultiplex the 192000 wavelength in both the east and
west directions, (3) the PSC1696-2 node 310 does recerve the
192000 wavelength from the west direction (from the
PSC1696-1 node 305) and (4) the PSC1696-2 node 310 does
receive the 192000 wavelength from the east direction (from
the PSC1696-3 node 315). The conclusion 1s that the
PSC1696-2 node 310 must then be passing the 192000 wave-
length though, and further that the ports for the 192000 wave-
length on the multiplexer cards must be connected together
via a crossover fiber for the 192000 wavelength at the
PSC1696-2 node 310.

In carrying out the method of FIG. 2E, a termination error
345 1s also 1dentified with respect to the 192000 wavelength
in the PSC1696-3 node 315. From an examination of TL1
messages, the following has been determined: (1) the
PSC1696-3 node 315 does receive the 192000 wavelength
from the east direction (from the PSC1696-1 node 305), (2)
the PSC1696-3 node 315 does recerve the 192000 wavelength
from the west direction (Irom the PSC1696-2 node 310), (3)
the PSC1696-3 node 315 does demultiplex the 192000 wave-
length 1n both the east and west directions and (4) the
PSC1696-3 node 315 does add or drop the 192000 wave-
length 1n the west direction, but not the east direction. (The
visual representation does not yet contain symbols indicating,
that the WDM optical network 1s 1n a ring configuration, but
it 1s.) The conclusion 1s that the 192000 wavelength contains
a termination error 340 in the PSC1696-3 node 315. The
PSC1696-3 node 315 1s not adding and dropping the signal 1t
1s recerving irom the east direction. This 1s an occurrence of
the second type of termination error described above.

Turning now to FI1G. 3C, the methods of F1IGS. 2C, 2D and
2E are carried out with respect to the 192100 wavelength
traversing the PSC1696-2 node 310. In carrying out the
method of FIG. 2C, a fiber pass-through 345 1s 1dentified.
From an examination of TL1 messages, the following has
been determined: (1) the PSC1696-2 node 310 doesnotadd or
drop the 192100 wavelength 1n either the east or west direc-
tion, (2) the PSC1696-2 node 310 does multiplex and demul-
tiplex the 192100 wavelength 1n both the east and west direc-
tions, (3) the PSC1696-2 node 310 does not receive the
192100 wavelength from the west direction (from the
PSC1696-1 node 305) and (4) the PSC1696-2 node 310 does
receive the 192100 wavelength from the east (from the
PSC1696-3 node 315). The conclusion 1s that the PSC1696-2
node 310 must then be passing the 192100 wavelength
through, with a signal coming from the PSC1696-3 node 315
and the ports for 192100 on the multiplexer cards must be

connected together via crossover fiber for the 192100 wave-
length on the PSC1696-2 node 310.

Turning now to FIG. 3D, the methods of FIGS. 2C, 2D and
2E are carried out with respect to the 192100 wavelength
traversing the PSC1696-1 node 305. In carrying out the
method of FIG. 2C, a fiber pass-through 350 1s identified.
From an examination of TL1 messages, the following has
been determined: (1) the PSC1696-1 node 305 doesnotadd or
drop the 192100 wavelength 1n either the east or west direc-
tion, (2) the PSC1696-1 node 305 does multiplex and demul-
tiplex the 192100 wavelength 1n both the east and west direc-
tions, (3) the PSC1696-1 node 305 does not receive the
192100 wavelength from the west direction (from the
PSC1696-3 node 315) and (4) the PSC1696-1 node 305 does
receives the 192100 wavelength from the east direction ({from
the PSC1696-2 node 310). The conclusion 1s that the
PSC1696-1 node 305 must then be passing the 192100 wave-
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length through, with a signal coming from the PSC1696-2
node 310, and the ports for 192100 on the multiplexer cards
must be connected together via crossover fiber for the 192100
wavelength on the PSC1696-1 node 305.

Turming now to FIG. 3E, the methods of FIGS. 2C, 2D and
2E are carried out with respect to the 192700 and 193000
wavelengths traversing the PSC1696-2 node 310. In carrying
out the method of FIG. 2C, a fiber pass-through 355 1s 1den-
tified. From an examination of TL1 messages, the following
has been determined: (1) the PSC1696-2 node 310 does not
add or drop the 192700 wavelength 1n either the east or west
direction, (2) the PSC1696-2 node 310 does multiplex and
demultiplex the 192700 wavelength 1n both the east and west
directions, (3) the PSC1696-2 node 310 does not receive the
192700 wavelength from the west direction (from the
PSC1696-1 node 305) and (4) the PSC1696-2 node 310 does
receives the 192700 wavelength from the east direction (from
the PSC1696-3 node 315). The conclusion 1s that the
PSC1696-2 node 310 must then be passing the 192700 wave-
length through, with a signal coming from the PSC1696-3
node 315, and the ports for 192700 on the multiplexer cards
must be connected together via crossover fiber for the 192700
wavelength on the PSC1696-2 node 310.

In carrying out the method of FIG. 2D, a band pass-through
360 1s 1dentified with respect to the 193000 wavelength in the
PSC1696-2 node 310. From an examination of TL1 mes-
sages, the following has been determined: (1) the PSC1696-2
node 310 does not add or drop the 193000 wavelength in
either the east or west direction, (2) the PSC1696-2 node 310
does not multiplex or demultiplex the 193000 wavelength 1n
both the east and west directions, (3) the PSC1696-2 node 310
does receive the 193000 wavelength from the west direction
(from the PSC1696-1 node 305) and (4) the PSC1696-2 node
310 does recerve the 193000 wavelength from the east direc-
tion (from the PSC1696-3 node 315). The conclusion 1s that
the PSC1696-2 node 310 must then be bandpassing the
193000 wavelength through, with a signal coming from the
PSC1696-1 node 305 and the PSC1696-3 node 3135. The
pass-through will occur over the special dedicated bandpass
port.

Turning now to FIG. 3F, illustrated 1s a complete visual
representation after the method of FIG. 2A has been carried
out. FIG. 3F shows a right-most column 365, which relists the
various wavelengths that the left-most column 330 lists and
associates these wavelengths with the PSC1696-3 node 315,
enhancing the ease with which the visual representation may
be used to trace connectivity of each wavelength through the
WDM optical network.

FIG. 3F also shows detail boxes that may form part of the
visual representation. FIG. 3F shows three such detail boxes,
but references only one of them. That detail box, a detail box
3770, provides detail regarding a particular OMD havinga TID
of 2XGE-1-2-10-6. The detail box 370 shows that the tran-
sponder 2XGE-1-2-10 has two gigabit Ethernet inputs having,
access 1dentifiers (AIDs) of 2XGE-1-2-10-1 and 2XGE-1-2-
10-2 and a single output multiplexing the two gigabit Ethernet
inputs mnto a single wavelength (FREQ), the equipment sup-
porting this output having an AID of 2XGE-1-2-10-6. Among
other things, the detail box 370 also shows the data rates of the
iputs 2XGE-1-2-10-1 and 2XGE-1-2-10-2 and whether the
mputs 2XGE-1-2-10-1 and 2XGE-1-2-10-2 are used o
empty. In the embodiment of FIG. 3F, the detail boxes take the
form of Excel® comments. However, the detail boxes may be
implemented in another manner and may not be rectangular.

Having described how to generate a visual representation
of a WDM optical network, various embodiments of a system
and method for generating a visual representation of anode of
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a WDM optical network will now be described. A visual
representation of a node allows a person who 1s not an expert
in WDM optical networking to determine whether or not a
particular change (e.g., the addition of a wavelength) may be
made to a WDM optical network, how that change may best
be made, and particularly whether or not the change will
require any resource(s) to be relocated or purchased.

FI1G. 4 illustrates a flow diagram of one embodiment of a
system for generating a visual representation of a node of a
WDM optical network carried out according to the principles
of the invention. Most of the elements of FIG. 4 are taken
from FIG. 1 and are therefore bear the same reference numer-
als. However, 1n FIG. 4, a visual representation generating
system 470 includes a resource analyzer and engineering rule
applier 471 and a visual representation displayer 472 coupled
to the resource analyzer and engineering rule applier471. The
resource analyzer and engineering rule applier 471 1s config-
ured to 1dentily resources resident at a particular node, store
information regarding the resources in a database (or
datasheet), sort the resources according to hierarchical level,
recursively associate the resources by hierarchical level, store
the resource relationships that result from the recursive asso-
ciation as attributes in the database and apply engineering
rules to the attributes. The visual representation displayer 472
1s configured to extract information from the database to
generate the visual representation 180 of the node. The tunc-
tions performed by the resource analyzer and engineering
rule applier 471 and the visual representation displayer 472
will be described 1n greater detail 1n conjunction with FIG. 5.

FIG. 5 illustrates a flow diagram of one embodiment of a
computer-implemented method of generating a visual repre-
sentation of a node of a WDM optical network carried out
according to the principles of the mvention. The method
begins 1n a start step 510, when it 1s desired to generate a
visual representation of a node of a WDM optical network. In
a step 520, resources resident at a node are i1dentified and
stored 1n a database, which takes the form of one or more
datasheets 1n one embodiment. In a step 330, the resources are
sorted according to hierarchical level. For example, resources
may be sorted by rack, by shelf, by sub-shelt, by slot, by
drawer, by port, by facility and so on as desired.

In a step 340, the resources are recursively associated and
displayed by hierarchical level. For example, facilities are
associated with ports, ports are associated with cards and any
sub-cards, any sub-cards are associated with drawers, cards
are associated with slots, and shelves are associated with
racks.

In a step 550, the resource relationships that result from the
recursive association are stored as attributes 1n the database
(or datasheets), e.g., racknum (rack number), shelinum (shelf
number), slotnum (slot number), subslotnum (sub-slot num-
ber), portnum (port number), supporting board. These
attributes, together with provisioned attributes, e.g., fre-
quency number, International Telecommunication Union
(ITU) frequency identifier, mate 1dentifier and other provi-
sioned attributes, together enable the complete correlation of
all objects to each other, as follows.

In a step 560, engineering rules are applied to the attributes.
Those who are subject matter experts with respect to the
resource that constitutes the WDM optical network are often
familiar with 1ts engineering rules. Engineering rules embody
the particular capabilities and constraints of the resources.
Many possible engineering rules may exist with respect to a
grven WDM optical network. Some examples are: a particular
type of shelf has 24 slots and can support only 20 active cards,
slot 0 of the particular type of shelf 1s reserved for a particular
type of card, only two of a particular type of card are allowed
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in a particular type of shelf, aparticular type of OMD has only
five inputs, and a particular type of OMD can be daisy-
chained at most s1x deep. Application of a set of engineering
rules that pertain to the WDM optical network being visually
represented allows any remaining capacity in the WDM opti-
cal network to be determined and displayed in the visual
representation. The method ends 1n an end step 570.

FIGS. 6 A-B respectively illustrate embodiments of equip-
ment and port datasheets generated during a first phase of the
method of FIG. 4. FIG. 6 A shows a representative equipment
datasheet. The datasheet lists equipment by row and equip-
ment 1dentifiers and attributes by column, including a TID
column 605, an AID column 610, an ENTITYTYPE column
615, a RACKNUM column 620, a SHELFNUM column 625,
a SUBSHELFNUM column 630, a SLOTNUM column 635,
a SUBSLOTNUM column 640, a FREQ (Ifrequency number)
column 645, an ITUFREQ (ITU frequency identifier number)
column 650 and a MATEID (mating equipment 1dentifier)
column 655.

It can be seen 1n the datasheet of FIG. 6 A that the resources
resident at a node have been i1dentified and stored, sorted
according to hierarchical level and recursively associated by
hierarchical level. Further, the resource relationships that
result from the recursive association have been stored as
attributes 1n datasheet, e.g., RACKNUM and SHELFNUM.
Provisioned attributes are also stored, such as the FREQ
column 645, the ITUFREQ column 650 and the MATEID
column 655.

FIG. 6B shows a representative port datasheet. The
datasheet lists ports by row and port identifiers and attributes
by column, including the TID column 605, the AID column
610, the RACKNUM column 620, the SHELFNUM column
625, the SUBSHELFNUM column 630, the SLOTNUM col-
umn 635, a PORTNUM (port number) column 660 and a
SUPPBOARD (supporting board) column 665.

FIGS. 7TA-C together 1llustrate one embodiment of a visual
representation of a node of a WDM optical network as 1t 1s
being generated according to the method of FIG. 4.

Following an examination of data from TL1 messages
retrieved from the EMS database of FIG. 1, a node having a
TID of PSC1696-3 1s selected for visual representation.
Nodes 1na WDM optical network are characterized by a chain
of equipment leading from segments connecting the node to
neighboring nodes to customer 1nput and include an optical
amplifier card (OAC), OMDs (either standalone or daisy-
chained), transponders and time-domain multiplexers
(TDMs). Accordingly, the visual representation sets forth the
PSC1696-3 node 1n a connectivity relation in which segments
to neighboring nodes are listed 1n left-most and right-most
columns and client (1.e., customer) inputs are listed 1n central
columns. An OAC column 705, a multiplexer (MUX) column
710, a transponder column 715 and a client input column 720
represent one “side” of the PSC1696-3 node. A client input
column 725, a transponder column 730, a MUX column 735
and an OAC column 740 represent the other “side” of the
PSC1696-3 node. All of the wavelengths that the PSC1696-3
node adds or drops in each direction 1n the WDM optical
network have been displayed as rows.

A left-hand legend 745 sets forth three categories for the
status of each wavelength (or frequency): used frequencies,
unused but demultiplexed frequencies and single-wavelength
(colloguially called black-and-white, or B& W) customer fre-
quencies. Used frequencies are already used and thus unavail-
able to increase the wavelength capacity of the WDM optical
network. Unused but demultiplexed frequencies are available
to increase wavelength capacity, but require a transponder to

be added.
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A central legend 750 sets forth three categories for the slots
ol a particular shelf, drawers of a particular card or ports of a
particular card or sub-card: used, unused and empty. Those
skilled 1n the pertinent art understand what these terms mean.
A right-most legend 755 sets forth the symbol for a fiber 5
connection.

It 1s straightforward to use the visual representation of FIG.

7A to trace connectivity through the PSC1696-3 node. An
OAC 160 having the TID OAC-1-1-12 1s connected to an
OMD 165 having a TID OMD-1-1-3. A 192100 wavelength 10
770 1s derived from and provided to a transponder 775. The
transponder 775 1s coupled to a Synchronous Optical NET-
work (SONET) 192 client input 780.

FIG. 7B illustrates optional detail boxes for the visual
representation of F1IG. 7A. One detail box 785 provides detail 15
regarding a particular transponder having an AID of OGS-1-
1-4-1. The detail box 785 shows that the transponder OGS-
1-1-4-1 1s of the SONET type supporting an OC-48 data rate.

FI1G. 7C illustrates a visual representation of another node
in the WDM optical network having a TID of PSC1696-1. 20
The visual representation of FIG. 7C has the same organiza-
tion as that of FIGS. 7A and 7B, but a different configuration
of equipment. Detail boxes (shown but not referenced) 1n the
visual representations of FIGS. 7B and 7C allow a person
evaluating the WDM optical network for apotential changeto 25
compare unused capacities inthe PSC1696-1 and PSC1696-3
nodes to determine whether, for example, a new wavelength
can be added between the PSC1696-1 and PSC1696-3 nodes
and, 11 so, what additional resources, 11 any, may be required
to effect the addition of the new wavelength. 30

Those skilled 1n the art to which the invention relates will
appreciate that other and further additions, deletions, substi-
tutions and modifications may be made to the described

embodiments without departing from the scope of the mven-
tion. 35

What 1s claimed 1s:

1. A system for generating a visual representation of a
wavelength division multiplexing (WDM) optical network,
comprising;

a connectivity, pass-through and error identifier configured
to 1dentily connectivity and any pass-throughs and ter-
mination errors with respect to at least some nodes of
said WDM optical network, wherein said identiiying
CoOmprises:
examining data from standard protocol transaction lan-

guage messages to determine resource relationships;
identifying wavelength drops and adds based on said
examining; and
identifying protected and regenerated wavelengths; and

a connectivity, pass-through and error displayer coupled to
said connectivity, pass-through and error 1dentifier and
configured to generate said visual representation that
indicates said connectivity and said any pass-throughs
and termination errors.

2. The system as recited 1 claim 1 wherein said connec-
tivity, pass-through and error identifier 1s further configured
to generate queries to obtain information regarding network
entities 1n said WDM optical network from a database.

3. The system as recited 1n claim 1 wherein said connec-
tivity, pass-through and error identifier 1s configured to 1den-
tify connectivity and any pass-throughs and termination
errors with respect to all nodes of said WDM optical network.

4. The system as recited in claim 1 wherein said visual
representation contains detail boxes configured to provide
detail regarding resources 1n said WDM optical network.
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5. A computer-implemented method of generating a visual
representation of a wavelength division multiplexing (WDM)
optical network, comprising;

examining, by a processor of said computer, data from

standard protocol transaction language messages to
determine resource relationships;

identifying, by said processor of said computer, with

respect to at least some nodes of said WDM optical

network:

connectivity and pass-throughs;

termination errors;

wavelength adds and drops; and

protected and regenerated wavelengths; and
generating, by said processor of said computer, said visual

representation that indicates on a display of said com-

puter:

said connectivity and said any pass-throughs and termai-

nation errors;
said wavelength adds and drops; and

said protected and regenerated wavelengths.

6. The method as recited in claim 35 wherein said 1dentify-
ing comprises generating queries to obtain nformation
regarding network entities 1n said WDM optical network
from a database.

7. The method as recited 1 claim 5 wherein said 1dentify-
ing comprises identifying connectivity and any pass-throughs
and termination errors with respect to all nodes of said WDM
optical network.

8. The method as recited in claim 5 wherein said visual
representation contains detail boxes configured to provide
detail regarding resources 1n said WDM optical network.

9. The method as recited 1n claim 3 wherein said displaying
comprises displaying said at least some nodes left-to-right in
connection sequence.

10. The method as recited 1n claim 5 wherein said identi-
tying comprises identilying a fiber pass-through by:

determining whether a particular wavelength has been

added or dropped 1n a direction;

determining whether said particular wavelength 1s multi-

plexed 1n both directions;

determiming whether said particular wavelength 1s received

from one direction; and

determiming whether said particular wavelength 1s trans-

mitted to another direction.

11. The method as recited 1n claim 5 wherein said 1denti-
tying comprises identifying a band pass-through by:

determining whether a particular wavelength has been

added or dropped 1n one direction;

determining whether said particular wavelength 1s multi-

plexed 1n both directions;

determining whether said particular wavelength 1s received

from said one direction; and

determining whether the particular wavelength 1s transmit-

ted to the other direction.

12. The method as recited 1n claim 5 wherein said identi-
tying comprises 1identifying a termination error by:

determiming whether a particular wavelength has been

receirved from one direction;

determining whether said particular wavelength 1s demul-

tiplexed 1n said one direction;

determining whether said particular wavelength has been

recerved from another direction; and

determining whether said particular wavelength 1s demul-

tiplexed 1n said other direction.
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